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(54) Drug release stent coating and process 

(57) A coating and method for implantat)le. open lat- 
tice metallic stent prostheses are dsdosed. The coating 
includes a relatively thin layer of biostaWe elastomeric 
material containing an amount of btologically active 
material particularly heparin, dispersed in the coating in 
combination with a non-thrombogenic surface. In one 
. embodiment, the surface is provided with sites of high 
electronegativity species by cositing with fluorosflicone 
which aid in controlling eliition. particularly the irirtial 
release rate, and reduced thrombogenic actrvity. Other 
non-thrombbgenic outer layers for heparin such as cov- 
alentty bound polyethylene glycol (PEG) are also dis- 
dosed. 
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Description 

BACKGROUND OF THE INVENTION 

L Cross-Reference to Related Applications 

The present application is a Continuation-ln-Part of 
copending application 08/526.273. filed September 11. 
1995» and a Continuation-ln-Part of copending applica- 
tion Serial No. 08/424.884. filed April 19. 1995. all por- 
tions of the parent appfications not contained in this 
appPication being deemed incorporated by reference for 
any purpose. Cross-reference is also made to Serial No. 

08/ " entitled "DRUG RELEASE 

STENT COATING PROCESS, filed of even date, of 
common inventorship and assignee, and also a Contin- 
uation-ln-Part of both above-referenced applications. To 
the extent that it is not contained herein, that application 
is also deemed incorporated herein by reference for any 
purpose. 

IL Field of the Invention 

The present invention relates generally to providing 
biostable elastomeric coatings on the surfaces of 
implants which incorporate biologically active species 
having controlled release characteristics in the coating 
particularly to providing a non-thrombogenic surface 
during and after timed release of the biologically active 
species. The invention is particularly described in terms 
of coatings on therapeutic expandable stent prostheses 
for implantation in body lumens, ag.. vascular implanta- 
tion. 

11. Related Art 

In surgical or other related invasive procedures, the 
insertion and expansfon of stent devices in blood ves- 
sels, urinary tracts or other locations difficult to other- 
wise access for the purpose of preventing restenosis, 
providing vessel or lumen wall support or reinforcement 
and for other therapeutic or restorative functions has 
become a comrrKwi form of long-term treatment Typi- 
cally, such prostheses are applied to a location of inter- 
est utilizing a vascular catheter, or similar transluminal 
device, to carry the stent to the location of interest 
where* it is thereafter released to exparri or be 
expanded in situ. These devices are generally designed 
as permanent implants which may become incorpo- 
rated in the vascular or other tisisue which they contact 
at implantation. 

One type of self-expanding stent has a flexible 
tubular body formed of several individual flexit)le thread 
elements each of which extends in a helix configuration 
with the centerline of the body serving as a common 
axis. The elements are wound in the same direction but 
are displaced axialty relative to each other and meet, 
under aossing a like number of elements also so axially 



displaced, but having the opposite direction of winding. 
This configuration provides a resilient braided tiAxjIar 
structure which assumes stable dimensions upon relax- 
ation. fiMBi tension produces etongation and corre- 
5 sponding diameter contraption that allows the stent to 
be mounted on a catheter device and conveyed through 
the vascular system as a narrow ejongated device. 
Once tensfon is relaxed in situ, the device at least suIj- 
stantiatty reverts to rts original shape. Prostheses of the 
10 dass including a braided flexible tubular body are BIus- 
trated and described in US. Patents 4 655 771 and 4 
954 126 to Wallsten and 5 061 275 to Wallsten et al. 

Implanted stents have been used to cany medicinal 
agents, such as thrombolytic agents. US. Patent 5 163 
IS 952 to Froix discloses a thermal memoried expanding 
plastic stent device formulated to carry a medicinal 
agent in the material of the stent itself. Pinchuk, in U.S. 
Patent 5 092 877. discloses a stent of a polymeric mate- 
rial which may have a coating associated with the deRv- 
20 ery of drugs. Other patents which are directed to 
devices of the class utilizing bio-degradable or bio-sort>- 
able polymers include Tang et al, US. Patent 4 916 193. 
and MacGregor. US. Patent 4 994 071. 

A patent to Sahatjian. Patent No. 5 304 121. dis- 
25 doses a coating applied to a stent consisting of a hydro- 
gel polymer and a preselected drug such as a cell 
growth inhibitors or heparia A further method of making 
a coated intravascular stent carrying a therapeutic 
material is described in Berg et al. US. Patent No. 5 
30 464 650. issued on November 7. 1995 and correspond- 
ing to European Patent Appficatfon No. 0 623 354 Al 
published 09 l^ember 1994. In that disdosure, a poly- 
mer coating material is dissolved in a solvent ancJ the 
therapeutic material dispersed in the solvent; the sol- 
as vent evaporated after application. 

An artide by Michael N. Hefamus (a co-inventor of 
the present invention) entitled l^edical Device Design- 
A Systems Approach: Central Venous Catheters", 22nd 
Internatfonal Sodety for the Advancement of Material 
40 and Process Engineering Technical Conference (1990) 
relates to pdymerAfrug/membrane systems for releas- 
ing heparin. Those polymer/ drug/membrane systems 
require two distinct types of layers to function. 

It has been recognized that contacting t>lood with 
45 the surface of a foreign body in vivo has a tendency to 
induce thrombogenic responses and that as the surface 
area of a foreign device in contact with host blood 
increases, the tendency for coagulation and dot forming 
at these surfaces also increases. This has led to the use 
50 of Immobilized systemic anti-coagulant or thrombolytic 
agents such as heparin on Wood contacting surfaces 
such as oxygen uptake devices to reduce this phenom- 
enon. Such an approach is described by Winters, et al.. 
in US. Patents 5 182 317; 5 262 451 and 5 338 770 in 
55 which the amine functional groups of the active material 
are covalently bonded using polyethylene oxide (PEO) 
on a siloxane surface. 

Another approach is described in US. Patent 4 613 
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665 to Larm in which heparin is chemically covalently 
bound to plastic surface materials containing primary 
amino groups to impart a non-tfirombogenic surface to 
the material. Other approaches for bonding heparin are 
desaibed in Barbucci, et a!., "Coating of commercially 5 
available materials with a new heparinizable materiaT; 
Journal of Biomedical Materials Research Vol 25, 
1259-1274 (1991); HubbeH, JA, "Pharmacologic f^i- 
fication of Materials", Cardiovascular PatholQ^ . Vol 2/ 
No 3(SuppL). 121S-127S (1993): Gravlee. G.R. 
*Heparin-Coaied Cardiopulmcfnary Bypass Circuits". 
Journal of Cardiothoracic and Vascular Anesthesia. Vbl 
8, No 2. pp 213-222 (1994). 

With regard to sterrts, polymeric stents, although 
effective, may have mechanical prcperties that are infe- js 
rior to those of metal stents of like thickness and weave. 
Metallic vascular stents braided of even relatively fine 
metal can provide a large amount of strength to resist 
inwardly directed circumferential pressure. A polymer 
material of comparable strength requires a much 20 
thicker-walled structure or heavier, denser filament 
weave, which in turn, reduces the cross-sectkuial area 
available for flow through the stent and/or reduces the 
relative amount of open space in the weave. Also, it is 
usually more difficult to load arxi deliver potymeric 25 
stents using catheter delivery systems. 

While certain types of stents such as braided metal 
stents may be preferred for some applications, the coat- 
ing and coating modification process of the present 
invention is not so limited and can be used on a wide 
variety of prosthetic devices. Thus, in the case of stents, 
the present invention also applies, for example, to the 
class of stents that are hot self-expanding including 
those which can be expanded, for instance, with a bal- 
loon; and is applicable to polymeric stents of all kinds. 35 
Other medical devices that can benefit from the present 
invention include Wood exchanging dewes, vascular 
access ports, central venus catheters, cardiovascular 
catheters, extracorpeal circuits, vascular grafts, punps. 
heart valves, and cardiovascular sutures, to name a few. ao 
Regardless of detailed embodiments, applicability of the 
invention should not be considered limited with respect 
to implant design, implant location or materials of con- 
structioa Further, the present invention may be used 
with other types of implantable prostheses. as 

^Accordingly, it is a primary ot^ect of the present 
invention to provide a coating and process for coating a 
stent to be used as a deployed stent prostheses, the 
coating being capable of effective controlled long-term 
delivery of biGtogfcaBy active materials. 50 

Another ot^'ect of the invention is to provide a coat- 
ing and process for coating a stent prostheses using a 
biostaWe hydrophobic elastomer in which biologically- 
active species are incorporated within a coating. 

Still another object of the present invention is to 55 
provide a multi-layer coating and proc^ for the deliv- 
ery of biologically active species in which the percent- 
age of active material can vary from layer to layer. 



Yet another object of the present invention is to pro- 
vide a mufti-layer coating and process for the delivery of 
btobglcaHy active spedes from a coating with a norv- 
thrombogenic surface. 

A further object of the invention is to provide a multi- 
layer coating for the detivery of biologically active spe- 
des such as heparin having a f luorosilkx>ne top layer. 

A still further object of the invention is to provide a 
mufti-layer coating for the delivery of biotogically active 
spedes such as heparin having a surface containing 
immcbifeed polyethylene glycol (PEG). 

Other objects and advantages of the present inven- 
tion will beoxme apparent to tiiose skilled in the art upon 
fontiliarization with the specffk»tion and appended 
daims. 

SUMMARY OF THE INVENTION 

The present inverrtion provides a relatively thin lay- 
ered coating of biostat^e elastomeric material contain- 
ing an amount of biotogically active material dispersed 
therein in cornbination with a non-thrombogenic surface 
that is useful for coating the surfaces of prostheses such 
as deployable stents. 

The preferred stent to be coated is a self-expand- 
ing, open-ended tubular stent prostheses. Although 
other materials, including polymer materials, can be 
used, in the preferred embodiment, the tubular bocty is 
formed of a self-expanding open braid of fine single or 
pdyf Bament metal wire whk:h flexes without collapsing, 
readily axially deforms to an elongate shape for translu- 
minal insertion via a vascular catheter and resilientfy 
expands toward predeterrmied st£ft)te dimensions upon 
removal in situ. 

hn the process, the initial coating is preferably 
applied as a mixture, solution or suspension of poly- 
meric material and finely divided biologically active spe- 
des dispersed in an drgariic vehide or a solution or 
partial solution of such spedes in a sohrent or vehk:ie for 
tfie polymer and/6r btotogically active spedes. For the 
purpose of this application, ttie term Imlly divided" 
means any type or size of included materia) from dis- 
solved molecules through suspensions, coRdds and 
particulate rruxtures. The active material is dispersed in 
a carrier material whfch may be the polymer, a sdvent. 
or both. The coating is preferably applied as a plurality 
of relatively thin layers sequentially applied in relatively 
rapkl sequence and is preferably applied with the stent 
in a radially expanded state. 

^ In many applications the layered coating is referred 
to or characterized as Induding an undercoat and top- 
coat. The coating thickness ratio of the topcoat to 
undercoat may vary with the desired effect and/or the 
elution system. Typically tiiese are of different formula- 
tions with most or all of the active material being con- 
tained in the undercoat arxi a norbthrorhbogenic 
surface is found in the topcoat. 

The coating may be applied by doping or spraying 
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using evaporative solvent materials of relatively high 
vapor pressure to produce the desired viscosity and 
quickly estabfish coating layer thicknesses. The pre- 
ferred process is predicated on reciprocally spray coat- 
ing a rotating radially expanded stent emptoying an air 5 
brush device. The coating process enables the material 
to adherently conform to and cover the entire surface of 
the f ilaments of the open structure of the stent but in a 
manner such that the open lattice nature of the structure 
of the braid or other pattern Is preserved in the coaled ji 
devk:e. 

The coating is exposed to room temperature venti- 
lation for a predetermined time (possibly one hour or 
more) for solvent veNde evaporation. In the case of cer- 
tain undercoat materials, thereafter the polymer mate- 1 
rial is cured at room temperature or elevated 
temperatures. Curing is defined as the process of con- 
verting the elastomeric or polymeric material into the 
finished or useful state by the application of heat and/or 
chemical agents which induce physico-chemical 2 
changes. Where, for example, polyurethane thermo- 
plastic elastomers are used as an undercoat material, 
solvent evapdratfon can occur at room temperature ren- 
dering the undercoat useful for controlled dnig release 
without further curing. ^ 

The applicable ventilation time and temperature for 
cure are determined by the particular polymer involved 
and particular drugs used. For example, silicone or 
polysiloxane materials (such as polydimelhylsitaxane) 
have been used successfully. Urethane pre-polymers ^ 
can also be utilized. Unlike the polyurethane therrtw- 
plastic elastomers, some of these materials are applied 
as pre-polymers in the coating composition and must 
thereafter be heat cured, the preferred silicone species 
have a relatively low cure temperatures and are known : 
as a room temperature vulcanizable {RTV) materials. 
Some polydlmethylsiloxane materials can be cured, for 
example, by exposure to air at about 90'C for a period 
of time such as 16 hours. A curing step may be imple- 
mented Ixrth after application of the undercoat or a cer- - 
tain number of lower layers and the top layers or a single 
curing step used after coating Is completed. ^ 

The coated stents may thereafter be si^ected to a 
postcure process which includes an inert gas plasma 
treatment, and sterilization which may include gamma 
radiatiqn, ETO treatment, electron beam or steam treat- 
ment 

In the plasma treatment, unconstrained coated 
stents are placed in a reactor chamber and the system 
is purged with rBtrogen and a vacuum applied to 20-50 
mTorr. Thereafter, inert gas (argon, helium or mixture of 
them) is adnwtled to the reaction chamber for the 
plasma treatment. One method uses argon (Ar) gas, 
operating at a power range from 200 to 400 watts, a f tow 
rate of 150-650 standard ml per minute, which is equiv- 
alent to about 100 - 450 mTorr, and an exposure time 
from 30 seconds to about 5 minutes. The stents can be 
removed immediately after the plasma treatment or 



remain in the argon atmosphere for an additional period 
of time, typically f ive minutes. 

In accordance with the irwention. the top coat or 
surface coating may be applied in any of several ways to 
5 further control thrombolitk; effects and optionally, control 
the release prof fle especially the initial very high release 
rate associated with the elution of heparin. 

In one enHxxfiment. an outer layer of f tuorosilicone 
(FSi) is applied to the undercoat as a topcoat The outer 
10 layer can also contain heparia In another embodiment, 
polyethylene glycol (PEG) is inmobilized on the surface 
of the coating. In this process, the underlayer is sub- 
jected to inert gas plasma treatment and immediateily 
thereafter is treated by ammonia (NH3) plasma to ami- 
is nate the surface. Amination, as used in this application, 
means creating mostly imino groups and other nitro 
containing species on the surface. This is followed by 
immediate immersion into electrophillicaHy activated 
polyethylene glycol(PEG) solution with a reductive 
20 agent i.e., sodium cyanoborohydride. 

The coated and cured stents having the modified 
outer layer or surface are subjected to a final gamma 
racfiation sterilization nominally at 2.5-3.5 Mrad. Argon 
(Ar) plasma treated stents enjoy full resiliency after radi- 
os atfon whether exposed in a constrained or non-con- 
strained status, while constrained stents subjected to 
gamma sterilization without Ar plasma pretireatment 
lose resiliency and do not recover at a sufficient or 
appropriate rate. 
30 The elastomeric materials that fomi the stent coat- 
ing underlayers should possess certain properties. 
Preferably the layers shouki be of suitable hydrophobic 
biostable elastomeric materials which do not degrade. 
Surfoce layer material should minimize tissue rejectfon 
35 and tissue inflammation and perniit encapsulation by 
tissue adjacent the stent implantation site. Exposed 
material is designed to reduce clotting tendencies in 
blood contacted and the surface is preferably modified 
accoidingly. Thus, underlayers of the above materials 
40 are preferably provided with a f luorosilicone outer coat- 
ing layer which may or may not contain imbedded bioac- 
tive material, such as heparin. Alternatively, the outer 
coating may consist essentially of polyethylene glycol 
(PEG), polysaccharides, phospholipkis, or combina- 
45 tions of the foregoing. 

Polymers generally sutaWe for the undercoats or 
underlayers include silicones (e.g., polysiloxanes arKJ 
substituted polysitoxanes). polyurethanes, thermoplas- 
tk; elastomers in general, ettiylene vinyl acetate copdy- 
50 mers, polyolefin elastomers, polyamkie elastomers, and 
EPDM rubbers- The above-referenced materials are 
considered hydrophobic with respect to the contem- 
plated environment of the invention. Surface layer mate- 
rials include fluorosilicones and polyethylene glycol 
55 (PEG), polysaccharides, phosphofipkJs, and combina- 
tions of the foregoing. 

While heparin is preferred as the incorporated 
active material, agents possibly suitable for incorpora- 
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tion include antithrombotics,anticoagulants, antft)iotics 
antiplatelet agents, thrombolytics, antiproliferatives, 
steroidal and non-steroidal antiinflammatories, agents 
that inhibit hyperplasia and in particular restenosis, 
smooth musde cell inhftjitors, growth factors, growth 5 
factor inhitxtors, ceD adhesion inhfltiitors. cell adhesion 
promoters and drugs that may enhance the formation of 
healthy neointirral tissue, including endothelial cell 
regeneratioa The positive action may come from inhib- 
iting particular cells (e.g.,,smooth muscle cells) or tissue 10 
formation (e.g., fibromuscular tissue) while encouraging 
different cell migration (e.g., endothelium) and tissue 
formation (neointimal tissue). 

Suitable materials for fabricating the bNraided steiit 
include stainless steel, tantalum, titanium alloys includ- is 
ing nitinol (a nickel titanium, ttiermomemoried alloy 
material), and certain cobalt alloys including cobalt- 
chromium-nickel altoys such as Elgitoy® and Phynax®. 
/ Further details concerning the fabrkiation and details of 
other aspects of the stents themselves, may be gleaned 20 
from the atove referenced US. Patents 4 655 771 and 
4 954 126 to Wallsten and 5 061 275 to Wailsten et al, 
which are incorporated by reference herein. 

Various combinations of polymer coating materials 
can be coordinated with biologically active species of 2S 
interest to produce desired effects when coated on 
stents to be implanted in accoitfance with the invention. 
Loadings of ttierapeutic materials may vary. The mech- 
anism of incorporation of the biologrcally active species 
into the surface coating, and egress mechanism 30 
depend both on the nature of the surface coating poly- 
mer and ihe material to be incorporated. The mecha- 
nism of release also depends on tfie mode of 
incorporation. The material may elute via interpartide 
pattis or be administered via transport or diffusk>n as 
through the encapsulating matenal itself. 

For the purposes of this specification, "elutibn* is 
defined as any process of release that involves extrac- 
tion or release by direct contact of the material with bod- 
ily fluids tiirough ttie interpartide paths connected with 40 
the exterior of the coating. Transporf or "dffusion" are 
defined to indude a mechanism of release in which the 
material released traverses through arwther material. 

The desired release rate profile can be taifored by 
varying the coating thickness, the radfal disrributk)n 4S 
(faj^er to l^er) of bioadive materials, the mixing 
method, the amount of bioactive material, ttie combina- 
tion of different matrix polymer materials at different lay- 
ers, and \he aosslink density, of the polymerk: material. 
The crossfink density is related to the amount of so 
crosslinking which takes place and also the relative 
tightiiess of the matrix aeated by the particular 
crosslinking agent used. This, during the curing proc- 
ess, determines the amount of crosslinking and so the 
crosslink density of the polymer material. For bioactive ss 
materials released from the aosslinked matrix, such as 
heparin, a denser crosslink structure will result in a 
longer release time and reduced burst effect. 



It win also be appreciated that an unmedicated sili- 
cone thin top fayer provides some advantage and addi- 
tional control over drug elusion; however, in the case of 
heparin, for exanrple. it has been found that a top coat 
or surface coating modified to further control the initial 
heparin release profile or to nfake the surface more 
iwi-thrombogenic presents a distinct advantage. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings, wherein like numerals designate 
like parts throughout the same: 

FIGURE 1 is a schematic ftow diagrani illustrating 
the steps of the process of the inverition; 
FIGURE -2 represents a release prof ile for a njuHi- 
fayer system showing the percentage of heparin 
released over a two-week period; 
FIGURE 3 represents a release profile for a multi- 
layer system showing the relative release rate of 
heparin over a twoweek period; 
FIGURE 4 Bluslrates a profile of release kinetics for 
different drug toadings at similar coating thrck- 
nesses illustrating the release of heparin over a 
two-week period without assodated means to pro- 
vide a long term non-thrombogenic surface thereaf- 
ter; 

FIGURE 5 illustrates drug elution kinetics at a given 
loading of heparin over a two-week period at differ- 
ent coating thfcknesses without associated means 
to provkie a tong term non-thrombogenk: surface 
tiiereafter; 

FIGURE 6 illustrates the release kinetics for a given 
undercoat and topcoat material varied according to 
thfekness in which the percentage heparin in the 
undercoat and topcoats are kept constant; 
FIGURE 7 is a ptot of heparin release kinetics in 
phosphate buffer system at PH 7.4 with.and without 
f luorosilicone (FSi) topcoat; and 
FIGURE 8 is another plot of heparin release Wnet- 
k:s in phosphate buffer system in whkii a topcoat 
containing f luorosilicone (FSi) only is cornpared 
with an FSI topcoat containing 16.7% imt>edded 
heparin. 

DETAILED DESCRIPTION 

According to the present invention, the stent coat- 
ings incorporating biologk:any active materials for timed 
delivery in sHu in a body lumen of interest are preferatsly 
sprayed in many thin layers from prepared coating, solu- 
tions or suq3ensk>ns. The steps of the process are illus- 
trated generally in Figure 1. The coating solutions or . 
suspensions are prepared at 10 as will be desaibed 
later. The desired amount of aosslinking agent (if any) 
is added to the suspension/solution as at 12 and mate- 
rial is then agitated or stirred to produce a honrageruxjs 
coating compositi^on at 14 whk:h is thereafter trans- 
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ferred to an application container or device which may 
be a container for spray painting at 16. Typical exem- 
plary preparations of coating solutions that were used 
for heparin and dexamethasone appear next 

5 

General Preparation d He parin Undercoatino Composi- 
tion 

Silicone was obtained as a polymer precursor in 
solvent (xylene) mixture. For example, a 35% solid sili- io 
cone weight content in xylene was procured from 
Appfied Silicone. Part #40,000. Rrst. the,silicone-xylene 
mixture was weighed. The solid silicone content was 
determined according to the vendor's analysis. Precal- 
culated amounts of f inely cfivided heparin (2-6 microns) is 
were added into the silicone, then tetrahydrofuron (THF) 
HPCL grade (AWrich or EM) was added. For a 37.5% 
heparin coating, for example: V^sUycoM = 5 g; soBd per- 
cent = 35%; W = 5 x 0.35x .375/(0.625) - 1.05 g. 
The amount of THF needed (44 ml) in the coating solu- 20 
tion was calculated by using the equation 
Wsiucono sorid/VTHF = 0^04 foT a 37.5% heparin coating 
solution). Finally, the manufacturer crosslinker solution 
was added by using Pasteur P-pipet The amount of 
crosslinker added was formed to effect the release rate 25 
profile. Typically, five drops of crossTinker solutkx) were 
added for each five grams of silicone-xylene mixture. 
The solution was stirred by using the stirring rod until 
the suspension vras homogenous and milk-like. The 
coating solution was then transferred into a paint jar in 30 
condition for application by air kxush. 

General Preparation of Dexametha sone Undercoatina 

Cornposition 

35 

Silicone (35% solution as above) was weighed Into 
a beaker on a Metier balance. The weight of dexameth- 
asone free alcohol or acetate form was calculated by sil- 
icone weight multiplied by 0.35 and the desired 
percentage of dexametfiasone (1 to 40%) and the 40 
required amount was then weighed. Example: W^jucon© 
= 5 g; for a 10% dexametfiasone coating. W^ex = 5 x 
0.35 X 0.1/0.9 = 0. 194 g and THF needed in the coating 
solution calculated. W^jriconesorid^THF ^ ^ 

10% dexamethasone coating solution. Example: W^ai. ^ 
con© = § g: Vthf = 5.x 0.35A).06 - 29 ml. The dexameth- 
asone w«s weighed in a beaker on an analytical 
balance and half the total amount of THF was added. 
The solution was stin^ed well to ensile fun dissolution of 
the dexamethasone. The stirred DEX-THF solution was so 
then transferred to the silicone container The beaker 
was washed with the remaining THF and this was trans- 
ferred to the silkx)ne container. The crosslinker was 
iadded by using a Pasteur ppet. Typically, five drops of 
crosslinker were used for five grams of silicone. ss 

The application of the coating material to the stent 
was quite sim^ar for all of the materials and the same for 
the heparin and dexamethasone suspensions pr^ared 



as in the above Examples. The suspension to be 
applied was transfenred to an application device, at 1 6 in 
FIGURE 1 . Typically a paint jar attached to an air brush, 
such as a Badger Model 150. supplied with a source of 
pressurized air through a regulator (Norgren. 0-160 psi) 
was used. Once the bi-ush hose was attached to the 
source of compressed air downstream of the regulator, 
the air was applied. The pressure was adjusted to 
approximately 15-25 psi and the nozzle condition 
checked by depressing the trigger. 

Any appropriate method can be used to secure the 
stent for spraying and rotating fixtures were utilized suc- 
cessfully in the laboratory Both ends of the relaxed 
stent were fastened to the f ixture by two resilient retain- 
ers, commonly alligator clips, v«th the distance between . 
the clips adjusted so that the stent remained in a 
relaxed, unstretched condition. The rotor was then 
energized ahd the spin speed acfusted to the desired 
coating speed, nominally atx)ut 40 rpm. 

With the stent rotating in a si±>stantially horizontal 
plane, the spray nozzle was adjusted so that the dis- 
tance from the nozzle to the stent was about 2-4 inches 
and the con^x)sition was sprayed substantially horizon- 
tally with the brush b&ng directed along the stem from 
the distal end of the stent to the proximal end and then 
from the proximal end to the distal end in a sweeping 
motion at a speed such that one spray cycle occun^ed in 
about three stent rotations. Typically a pause of less 
than one minute, normally atxjut one-half minute, 
elapsed between layers. Of course, the mwber of coat- 
ing layers dkl and win vary with the particular applica- 
tion. For exanple. typical tie-layers as at 18 in FIGURE 
1 . for a coating level of 3-4 mg dt heparin per cm? of pro- 
jected area. 20 cycles of coaling application are 
required and about 30 ml of solution vM be consumed 
for a 3.5 mm diameter by 14.5 cm long stent 

The rotation speed of the motor, of course, can l>e 
adjusted as can the viscosity of the composition aixf the 
ffow rate of the spray nozzle as desired to modify the 
layered structure. Generally, with the above mixes, the 
best results have been obtained at rotational speeds In 
the range of 30-50 rpm and with a spray nozzle f kDw rate 
in the range of 4-10 ml of coating composition per 
minute, depending on tfie stent size. It is contemplated 
that a more sopNsticaled, computer-controlled coating 
apparatus win successfutty automate the process dem- 
onstrated as feasible in the laboratory. 

Several applied layers make up what is called the 
undercoat as at 18. In one process, additional upper 
undercoat layers, virtiich may be of the same or different 
composition wfith respect to bk>active nrtaterial^ tiie 
matrix polymeric materials and crossOnking agent for 
example, may be applied as the top layer as at 20. The 
application of the top layer follows tiie same coaling pro- 
cedure as the undercoat with the number and tiik:kness 
of layers being optional. Of course, the thickness of any 
layer can be adjusted by adjusting ttie speed of rotation 
of the stent and tiie spraying conditions. Generally, ttie 
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total coating thickness is controOed by the niinnber of 
spraying cydes or thin coats which make up the total 
coat. 

As shown at 22 in Figure 1, the coated stent is 
thereafter subjected to a curing step in which the pre- s 
polymer arxJ aosslinking agents cooperate to produce 
a cured polymer matrix containing the biologically active 
spedes. The curing process involves evaporation of the 
solvent xylene. THR etc. and the curing and crosslink- 
ing of the polymer Certain silicone materials can be io 
cured at relatively low temperatures. (i.e. RT-50*C) in 
what is known as a room temperature vuteanization 
(RTV) process. More typically, however, the curing proc- 
ess involves higher temperature curing materials and 
the coated stents are put into an oven at approxinr»tely is 
90*C or higher for approximately 16 hours. The temper- 
ature may be raised to as high as 150*C lor dexemeth- 
asane containing coated stents. Of course, the time and 
temperature may vary with particular sificones, 
aossllnkers and biologically active spedes. so 

Stents coated and owed. in the manner descrtoed 
need to be sterilized prior to packaging future 
implantation. For sterilization, gamma raidiation is a pre- 
ferred method particularly for heparin containing coat- 
ings: however, it has been found that stents coated and 2S 
cured according to the process of the invention sut>- 
jected to gamma sterilization may be too slow to recover 
their original posture when deFivered to a vascular or 
other lumen site using a catheter unless a pretreatment 
step as at 24 is first applied to the coated, cured stent. 3o 

The pr^eatment step involves an argon plasma 
treatment of the coated, cured stents in ttie uncon- 
strained configuration. In accordance with this proce- 
dure, the stents are placed in a chamber of a plasma 
surface treatment system such as a Plasma Science 3$ 
350 (Himont/Plasma Sdence, Foster City, CA). The 
system is equipped with a reactor chamber and RF 
solid-state' generator operating at 13.56 mHz and from 
0-500 watts power output and being equ^ed with a 
mknroprocessor controlled system and a compile vac- 40 
uum pump package. The reaction chamber contains an 
unimpeded work volume of 16.75 inches (42.55 cm) by 
13.5 inches (34.3 cm) by 17.5 inches (44.45 cm) in 
depth. 

In the plasma process, unconstrained coated stents 45 
are placed in a reactor chamber and the system Is 
purged with nitrogen and a vacuuni applied to 20-50 
mTorr. Thereafter, inert gas (argon, helium or mixture of 
them) is admitted to the reaction chancer for the 
plasma treatment A highly preferred method of opera- so 
tion consists of using argon gas, operating at a power 
range from 200 to 400 watts, a flow rate of 150-650 
standard ml per minute, which is equivalent to 100 - 450 
mTorr, and an exposure time from 30 seconds to about 
5 minutes. The stents can be removed immediately after 
the plasma treatment or remain in the argon atmos- 
phere for an additional period of time, typrcally five min- 
utes. 



After this, as shown at 26. the stents may be 
exposed to.c^mma sterilization at 2.5-3.5 Mrad. The 
radiation may be canried out with the stent in either the 
radially non-constrained status - or in the radially con- 
strained status. 

Preferably, however, the surface is nxxfif led prior to 
plasma treatment or just prior to sterilization by one of 
several additional processing methods of which some 
are described in relation to ttie following examples. 

Example 1. Fluorosilicone surface treatment of eluting 
heparin coating 

The undercoat of a stent was coated as rriiiltiple 
applied layers as described above thereafter and cured 
as desaibed at 22. The heparin content of the under- 
coat was 37.5% and the coating thickness was about 
30-40M. Fluorosilicone (FSi) spray solution was pre- 
pared at 30 from a fluorosilicone suspension (Applied 
Silicone #40032) by weighing an amount of fluorosili- 
cone suspension and adding tetrahydrofuran (THF) 
according to the relation equation of Vthf.== 12 x the 
weight of fluorosilicone suspension. The solution was 
stirred very weU and spray-coated on the stent at 32 
using the technique of the application of the undercoat . 
process at 1 8 and the coated stents were cured at QO'^C 
for 16 hours. The cioated stents are argon plasma 
treated prior to gamma sterilization according to the 
procedures descrS>ed above in accordance with steps 
22-26. 

Figure 7 is a plot of heparin release kinetics in 
phosphate buffer system with fluorosilicone topcoat and 
without any topcoat The thickness of the topcoat is 
about 10-15jt. While it does not appear on tfie graph of 
FIGURE 7, it should be noted that the release rate for 
the coating without FSi is initially about 25 times higher 
tfian ttwt with FSi. i.e.. during the first 2 hours. The is. of 
course, dearly off the scale of the graph. It is notewor- 
thy, however, that the coating with the FSi top layer or 
diffusion bam'er does show a depressed iratial release 
rate combined with an enhanced elusion rate after the 
first day and through the first week up until about the 
tenth day. In addition, the fluorosilicone (FSi) topcoat, by 
virtue of the high electro-negativity of f luorination main- 
tains rK)n-thromtx)genic surface qualities during and. 
after the elusion of the biologically active heparin spe- 
des. In addition. t>ecause of the negative diarges on 
the heparin itself, the electro-negativity of the fluorosiR- 
cone topcoat may be. at least in part, responsible for the 
nxxJif led heparin release kinetic profile. 

FIGURE 8 compares a plot of fluorosificone (FSi) 
top coating containing 16.7% imt>edded heparin with 
one containing fluorosilfcone (FSi) only. An undercoat- 
ing is identical to that utilized in FIGURE 7 containing 
55 about 37.5% heparin to a thickness of about 30-40 
miaons. These elution kinetics are quite comparable 
with ttie heparin-free FSi top layer greatiy redudng the 
initial burst of heparin release and othenwise the 
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heparin in the FSi top layer imparts a slightly greater 
release over the period of the test. 

Example 2. ImmobHization of polyethylene glycol (PEG) 
on drug eluting undercoat ^ 

An undercoat was coated on a stent and cured at 
22 as In Example 1. The stent swas then treated by 
argon gas plasma as at 24 and ammonium gas plasma 
at 40. The equipment and the process of argon gas io 
plasma treatment was as has been descrtoed above. 
The ammonium plasma treatment was implemented 
immediately after the argon gas plasma treatment, to 
aminate the surface of the coating. The ammonium flow 
rate was in the range of 100-700 cubic centimeter per 15 
minute (ccM) in preferably in the range of 500-600 ccM. 
The power output of radio frequency plasma was in the 
range of 50-500 watts, preferably in -200 watts. The 
process time was in the range of 30sec-1 Omin, prefera- 
bly -5min. ^ 

Immediately after amination^ the stents were 
immersed into electrophilically activated polyethylene 
glycol (PEG) solution at 42. PEG is known to be an 
inhilMtor of protein absorption. Examples of electrophili- 
cally activated PEG are PEG nitrophenyl carbonates, 2S 
PEG trichlorophenyl carbonates. PEG tresylate. PEG 
glycidyl ether. PEG isocyanaie, etc.. optionally with one 
end terminated with methoxyl group. Molecular weight 
of PEG ranged from about 1000-6000. and is preferable 
about 3000. It has been observed that simple ammo- 30 
nium amination will not generate large quantities of pri- 
mary and secondary amines on the elastomeric 
polymer surface (for example silicone). Instead, imine 
(>C=N-H), and other more oxidative nitro containing 
groups v^ll dominate the surface. It is generally neces- 35 
sary to add reductive agent such as NaBHaCN iirto the 
reaction media so that the functional group on PEG can 
react with imine and possibly other nitro-containing spe- 
cies on the si^ce. and therefore immobiTize PEG onto 
the surface. The typical concentration of NaBHaCN Is 40 
about 2mg/ml. Since PEG and its derivatives dissolve in 
water and many polar and aromatic solvents, the sol- 
vent used in the coating must be a solvent tor PEG but 
not for the drug in the undercoat to prevent the possftsle 
loss of the drug through leaching. In the case of eluting- 45 
heparin coating, a mixed solvent of formamide and 
methyl *ethyl ketone (MEK) or a nixed solvent of fornw- 
mide and acetone are preferred solvents (preferably at 
rattos of 30 formamide: 70 MEK or acetone by volume), 
since they will not cfissolve heparin. The concentration so 
of PEG, the reaction time, the reaction terrperature and 
the pH value depend on the kind of PEG employed. In 
the case of eluting heparin coating. 5% PEG tresylate in 
(30-70) Formamlde/MEK was used successfi^ly. Ihe 
reaction time was 3 hours at room temperature. PEG 55 
was then covatently txjund to the surface. Gamma radi- 
ation was then used for sterilization of this embodiment 
as prevk>usly described. 



With respect to the anticoagulant material heparin, 
the percentage in the undercoat is nominally from about 
30-50% and that of the topcoat from about 0-30% active 
material. The coating thickness ratio of the topcoat to 
the undercoat varies from about 1:10 to 1 2 arxJ is pref- 
erably in the range of from about 1 :6 to 1 :3. 

Suppressing the burst effect also enables a reduc- 
tion in the drug toading or in other words, allows a 
reduction in the coating thickness, since the physician 
will give a bolus iniection of antiplatelet/anticoagulayon 
drugs to the patient during the stenting process. As a 
result, the drug imbedded in the stent can be fully used 
vwthout waste. Taitoring the f ffst day release, but maxi- 
mizing second day and third day release at the tfiinriest 
possit)le coating configuration wiB reduce the acute or 
sutx;ute thrombosis. 

Figure 4 depicts the general effect of drug loading 
for coatings of similar thickness. The initiai elution rate 
increases with the drug loading as ^wn in Figure 5. 
The release rate also increases with the thickness of the 
coating at the same loading but tends to be inversely 
proportional to the thickness of the topcoat as shown by 
the same drug toading arxJ similar undercoat thickness 
in F?gure 6. 

What is apparent from the data gathered to date, 
however, is that the process of the present invention 
enables the drug elutton kinetics to be controlled in a 
manner desired to meet the needs of the particular stent 
application. In a similar manner, stent coatings can k>e 
prepared using a combination of two or more drugs and 
the drug release sequence and rate controlled For 
exanple, antiproliferation drugs may be combined in the 
undercoat and ant^latelet drugs in the topcoat. In this 
manner, the antiplatelet drugs, for example, heparin, will 
etute first followed by antiproBferation drugs to better 
enable safe encapsulation of the implanted stent 

The heparin concentration measurement were 
made utilizing a starxJard ciffve prepared by complexing 
azure A dye with dilute solutions of heparin. Sixteen 
standards were used to compile ttie standard curve in a 
vvell-known manner. 

For tiie elution test, the stents were irnmersed in a 
phosphate txiffer solution at pH 7.4 in an incubalCM^ at 
apprcximately 37*C. Periodic sanplings of the solution 
were processed to determine the amount of heparin 
eluted. After each sampling, each stent was placed in 
heparin-free buffer solution. 

As stated atxjve, while the altowafcile loading of tiie 
elastomeric material with heparin may vary, in tiie case 
of silicone materials heparin may exceed 60% of the 
total weight of the layer. However, the loading generally 
most advantageously used is in the range from about 
10% to 45% of the total weight of the layer. In the case 
of dexamethasone, the loading n\ay be as high as 50% 
or more of tiie total weight of the layer but is preferably 
in the range of about 0.4% to 45%. 

It will be appreciated that tfie mechanism of incor- 
poratton of the biologically active species into a thin sur- 



8 



15 



EP0832 655A2 



16 



face coating structure applicable to a metal stent is an 
important aspect of the present invention. The need for 
reiatively thick-waJled pofymer elution stents or any 
memkxane cverlayers associated with many prior drug 
elution devices is obviated, as is the need for utilizing 
biodegradable or reabsbrbable vehicles for carrying the 
biologically active species. The technique clearly ena- 
bles long-term delivery and minimizes interference with 
the independent mechanical or therapeutic benefits of 
the stent itself. 

Coating materials are designed with a particular 
coating technique, coating/drug combination and drug 
infusion mechanism in mirKl. Consideration of the par- 
ticular forni and mechanism of release of the biologi- 
caily active species in the coating allow the technique to 
produce superior results. In this manner, delivery of the 
biologically active species froni the coating structure 
can be tailored to accommodate a variety of applica- 
tions. 

Whereas the above exanples depict coatings hav- 
ing two different drug loadings or percentages of fc)iolog- 
ically active material to be released, this is by no means 
limiting with respect to the invention and it is contenv 
plated that any number of layers and comblnatioi^ of 
loadings can be employed to achieve a desired release 
profile. For example, gradual grading and change in the 
loading (rf the layers can be utilized in wHich, tor exam- 
ple, higher loadings are used in the inner layers. Also 
layers can be used which have no drug loadings at all. 
For example, a pulsatile heparin release system may be 
achieved by a coating in which alternate layers contain- 
ing heparin are sandwiched between unloaded layers of 
silicone or other materials for a portion of the coating. In 
other words, the invention allows untold numbers of 
combinations which result in a great deal of flexibifrty 
with respect to contrbOing the release of bioibgically 
active materials with regard to an implanted stent Each 
applied layer is typically from approximately 0.5 microns 
to 1 5 microns in thickness. The total number of sprayed 
layers, of course, cart vary widely, from less than 10 to 
. more than 50 layers: commonly, 20 to 40 layers are 
included. The total thickness of the coating can also 
vary widely, but can generally be from about 10 to 200 
microns. 

Whereas the polymer of the coating may be any 
coippatible biostable elastomeric material capable of 
being adhered to the stent material as a thin layer, 
hydrophobic materials are preferred because it has 
been found that tite release of tiie biologically active 
species can generally be more predictably controlled 
with such nnaterials. Preferred materials include silicone 
rubber elastomers and biostaWe polyurethanes specifi- 
C£illy 

This invention has been described herein in consid- 
erable detail in order to comply with the Patent Statutes 
and to provide those skilled in the art with the informa- 
tion needed to apply the novel prinqples and to con- 
struct and use embodiments of the exanrple as 
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required. However, it is to be understood that the inven- 
tion can be earned out by spedf icaDy dffererit devices 
arxf that various modifications can be acconplished 
without departing from the scope of the invention itself. 

Claims 

1 . An implantatile medical device having an outer sur- 
face covered at least in part by a conformal coating 
of a hydrophobic elastomeric material incorporating 
an amount of biologically active material therein for 
timed delivery therefrom and means assodated 
with tie conformal coating to provide a non-throm- 
bogenic surface after said timed delivery of the bio- 

15 logically active material. 

2. The device of daim 1 wherein the conformal coat- 
ing comprises an amount of finely divided biologi- 
cally active material in the hydrophobic elastomeric 

20 material. 

3. Hie device of daim 2 wherein the finely divkJed bib- 
logically active material has an average partk:le 
size of less than about 15 mferons. 



25 



30 



The device of daim 2 wherein the finely divided bio- 
logically active material has an average partide site 
of less than about 10 miaons at drug loading of 
about 25-60 weight percent of the conformal coat- 
ing. 



5. The device of daim 1 vyherein the conformal coat- 
ing comprises an amount of biologically active 
material mdeciilarly distributed in the elastomeric 
35 material. 



The device of daim 1 wherein the biologically active 
material is selected from the group consisting of 
antithrombotics. anticoagulants. . antiplatelet 
agents, thrombolytics, antiproliferatives, steroidal 
and non-steroidal antiinflammatories, agents that 
Inhibit hyperplasia and in particular restenosis, 
smooth muscle cell infiibitors, growth factors, 
growth factor inWbitors. cell adhesion inhbitors. cell 
adhesk>n promoters, drugs that enhance the fbrma- 
tion of healthy neoirrtimat tissue and combinations 
thereof. 



40 



45 



7. The device of daim 1 wherein the hydrophic dasto- 
50 meric material is selected from the group consisting 

of silicones, polyurethanes. ethylene vinyl acetate 
copolymers, polyolef in elastomers, poiyamide elas- 
tomers dnd EPDM rufcibers and comlMnations 
thereof. 

55 

8. The device of daim 1 wherein the conformal coat- 
ing comprises irwltiple layers of elastomeric mate- 
rial incorporating an amount , of bidogicatly active 
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matenal therein. 

9. The device of daim 1 wherein the means associ- 
ated with the conformal coating conprises an outer 
(ayer at least partially covering the conformal coat- s 
ing, the outer layer comprising a non-thrombogenic 
polymeric material. 

10. The device of daim 9 wherein the non-thrombo- 
genic polymeric material is selected from the group io 
consisting of fluorosHicone, polyethylene glycol, 
polysaccharides and phospholipids and combina- 
tions thereol 

11. The device of daim 10 wherein the non-thrombo- is 
genie polymeric material comprises a f liK)rosilicone 
coating adhered to the conformal coating. 

12. The device of daim 10 wherein the non-thrombo- 
genic polymeric material comprises a polyethylene 20 
glycol covalently bound to an aminated conformal 
coating. 

13. The device of claim 1 where the implanted medical 
device is formed of metal. 2S 

14. An expandable stent for implantation in a body 
comprising a tubular metal body having open ends 
and an open lattice sidewall structure and a contin- 
uous conformal coating on the surface of said side- 30 
wall structure^ said coating comprising a 
hydrophobic elastomeric material incorporating an 
anwunt of biologically active material therein for 
timed delivery therefrom, wherein said coating con- 
forms to said sidewall structure in a manner that 35 
preserves said open lattice and wherein said coat- 
ing has an outer surface havirKj non-thrombogenic 
qualities. 

15. The device of claim 14 wherein said biologically 40 
active matenal is heparin. 

16. The device of claim 15 wherein the outer surface 
layer of said coating indudes a material selected 
from fluorosilicpne, and polyethylene glycol (PEG). 45 

17. The d^ce off claim 16 vt(herein said outer coating is 
fluorositicone. 

18. The device of claim 17 wherein said outer layer so 
optionally- further connprises an amount of finely 
divided heparin. 

19. The device of claim 16 wherein said outer layer 
comprises polyethylene glycol (PEG). ss 

20. A stent for implantation in a vascular lumen com- 
prising a tubular body having open ends and a side- 



wall and a continuous conforn^ coating on the 
surface of said sidewall, said coating further com- 
prising an undercoat of a hydrophobic elastomeric 
material incorporating an anwunt of finely divided 
heparin therein for timed deTivery therefrom, 
wherein said coating further comprises a topcoat 
containing an amount of fluorositicone. 

21. The device of daim 20 wherein sakf topcoat option- 
ally further comprises an amount of finely divided 
heparin. 

22. A stent for implantation in a vascular lumen com- 
prising a tubular body having open ends and a side- 
wall and a continuous conformal coating on the 
surface of said sidewall. said coating further com- 
prising an undercoat of a ftydrophobic elastomeric 
material incorporating an anrx)unt of finely divided 
heparin therein for timed delivery therefrom, 
wherein said coating further conprises a topcoat 
containing an amount of polyettiylene glycol (PEG). 

23. A method of coiating an Implantable stent prosthe- 
ses witii a layer comprising a hydrophobic elasto- 
meric material Incorporating an amount of 
biologically active material.therein for timed delivery 
therefrom comprising the steps off: 

(a) applying a topcoat of a formulation contain- 
ing uncured polymeric material in solvent nvx- 
ture and an anuxjnt of finely divided biologically 
active spedes; and 

(b) curing said polymeric material; 

(c) applying a topcoat of a formulation having 
qualities wNch both create a non-tfirombo- 
genic surface and nrxxlifted deKvery of said bio- 
logically active material. 

24. The method of daim 23 wherein tiie elastomeric 
material is a silicone and tt)e biologically active 
material is heparin. 

25. Ttie method of daim 24 wherein said topcoat com- 
prises f luorosilicone. 

26. The method of daim 25 wherein said topcoat conf^ 
prises an amount of heparia 

27. The method of daim 24 where«n said topcoat com-, 
prises polyethylene ^col (PEG). 

2a The method of claim 27 further comprising tiie 
steps of: 

(d) treating said topcoat after cure witii inert 
gas plasma followed by treatment with ammo- 
nia plasma; 

(e) applying an outer coating of polyethylene 
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glycol (PEG) from a solution thereof. 

29. The method of claim 28 wherein the polyethylene 
glycol (PEG) in said solution is selected from PEG 
nitrophenyl carbonates. PEG trichlorophenyl car- s 
bonates, PEG tresylate, PEG glycidylether, PEG 
isocyanate and combinations thereof. 

30. The method of daim 28 wherein the PEG ^ elec- 
trophiiically active. io 

31. The method d claim 28 wherein the PEG has an 
end terminated with a methoxyl group, 

ts 



25 



30 



35 



40 



45 



50 



11 



EP0 832 655 A2 



10 



12 



PREPARE 
SUSPENSION/SOLUTION 



ADO 
CROSSUNKER 



14 



16 



20 



HOMOGENIZE/ 
SlIR 



TRANSFER 10 
APPLICATION 
DEVICE 



APPLY 
TOP-IAYER 



40 



NH3 PLASMA 



42 



IMMOBILIZATION 
OF 

POLYETHYLENE 
GLYCOL (PEG) 



18 



APPLY 
UNDER-UYER 



CURE 



5 



24 



Ar PU6MA POST- 
TREATMENT 



26 



GAMMA 
STERILIZATION 



30 



PREPARE 
FLUOROSILICONE 
(f SI) SPRAY 



32 



FSI TREATMENT 
& CURE 



FIG.1 



12 



EP0832655 A2 



RELE^E PRORLE FOR MULTILAYER SYSTEM 
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RELEASE PROFILE FOR MULTILAYER SYSTEM 
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RELEASE KINETICS FOR DIFFERENT DRUG 
LOADING AT THE SIMILAR COATING THICKNESS 
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37.5% HEP IN TIE-COAT WITH THE 
SAME TIE-COAT THICKNESS AND 16.7% 
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W or W/0 aUOROSIUCONE (FSI) TOP COAT. NOTE: 

RELEASE RATE FOR THIN COATING W/0 FSI IS 
25 TIMES HIGHER THAN W/FSI AT THE RRST TWO HRS 
(NOT PLOTTED) 
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COMPARISON OF aUOROSIUCONE (FSI) TOP COAT 
W or W/O HEPARIN. THE THICKNESS OF THE 
TIE COAT (37.5%) HEPARIN IS ABOUT 40 MICRON. 
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♦ 16.7% HEPARIN IN FSI TOP LAYER 
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(54) Drug release stent coating and process 

(57) A coating and method lor implantable open fat- 
tice metallic stent prostheses are disclosed. The coating 
includes a relatively thin layer of bioslable elastomeric 
material containing an anxxint of biologically active 
material particularly heparin, dispersed in the coating in 
combination with a non-thrombogenic surface. In one 
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which aid in controling elution, particularly the initial 
release rate, and reduced thrombogenic activity. Other 
non-thrombogenic outer layers for heparin such as cov- 
alently bound polyethylene glycol (PEG) are also dis- 
closed. 
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